Abstract It has recently been suggested that hemispheric diVerences for global and local processing already occur in response to visual pre-cues that direct attention to a speciWc level. However, in the supporting studies cue information was confounded with the form of the cues. In order to dissolve the confound, we compared event-related brain potentials towards cues diVering in form with those towards identically formed color cues. As a result, hemispheric diVerences were found only for the former cue type. The data thus show that the mere cue information does not produce hemispheric asymmetries associated with global/local target stimulus processing.
Introduction
It is widely accepted that the local and global levels of hierarchically structured visual stimuli are processed with a higher eYciency in the left and right cerebral hemisphere (LH/RH), respectively. In a typical study, compound letters like those in Fig. 1 are presented and subjects are required to identify the form at one speciWc (global or local) level that is indicated by a preceding cue stimulus. Using this procedure, hemispheric asymmetries could be demonstrated with a variety of experimental techniques, including lesion studies (e.g. Robertson and Lamb 1991) , response-time studies (e.g. Hübner and Malinowksi 2002) , event-related potentials studies (ERP, e.g. Volberg and Hübner 2004) , and brain imaging studies (e.g. Heinze et al. 1998) . Yamaguchi et al. (2000) went a step further and examined whether the hemispheres already diVer in the preparation for the processing of the upcoming global or local level. To this end, they let their subjects detect letters at a pre-cued level of a compound stimulus and recorded the ERP responses in the interval between cue stimulus and target stimulus. Interestingly, the authors found a stronger LH than RH activity in response to cue stimuli for the local level, whereas the pattern was reversed for cue stimuli indicating the global level. The eVect arose 240 ms after cue onset and was most prominent at temporal, parietal and occipital sites. Recently, comparable results were also found in a functional magnetic resonance imaging study by Weissman and WoldorV (2005) . These authors found higher activations in the intraparietal sulcus of the LH in response to locally directed cue stimuli than in response to globally directed ones. Altogether, these results suggest that hemispheric diVerences do not only appear during the processing of global or local target stimulus information, but also during the preparation interval in response to cue stimuli.
However, a shortcoming in these studies considerably limits the interpretation of the data. It is that the cue stimuli employed in the global and local conditions had a diVerent shape. In the Yamaguchi et al. (2000) study, the local level was cued by four arrows pointing inwardly to the corners of a small virtual rectangle, whereas four arrows pointing outwardly to the corners of a larger virtual rectangle served for cueing the global level (see Fig. 1 ). Given these form diVerences, it cannot be ruled out that the processing of the cue stimulus itself produced the observed asymmetry. A similar confound holds for the study of Weissman and WoldorV (2005) , where the letters 'L' and 'G' were used for cueing the local and the global levels, respectively. Because the LH is specialized for language processing, the use of letters as cue stimuli is problematic. Indeed, hemispheric diVerences were restricted to the LH in that study, possibly as a result of the LH dominance for language processing.
Thus, it remains unclear whether the observed hemispheric asymmetries in response to cue stimuli were due to speciWc cue information or due to the associated form diVerences. Knowing which of these alternatives is true is an important issue for our understanding of hemispheric asymmetries in hierarchical processing, though. This is because the idea of a 'top-down asymmetry', as proposed by Yamaguchi et al. (2000) , is partly incompatible with other explanations on hemispheric diVerences in hierarchical processing. For example, in their integration theory of global and local processing Hübner and Volberg (2005) proposed that the LH and RH mainly diVer in their ability to produce high-level representations of compound stimuli where the levels are integrated with their respective contents. Because cues are typically single-level stimuli where no such integration is required, the occurrence of hemispheric diVerences can not easily be explained. It also contradicts the view that the hemispheres are specialized for processing low and high spatial frequencies carrying the global or the local information, respectively (Sergent 1982) . Again, since global/local cue information is typically not associated with a low/high spatial frequency range, one would not expect to see the proposed hemispheric specialization. Thus, taken together, the idea that hemispheric asymmetries already occur in response to the level indicated by the cue and before the actual hierarchical stimulus appears is incompatible with present models on global and local processing.
Therefore, in order to test whether cue information or the associated form diVerences were crucial in the former studies, two diVerent types of cue stimuli were used in the present ERP study. The Wrst type, arrow cues (see Fig. 1 ), was identical to that used by Yamaguchi et al. (2000) . The second type, color cues, were cue stimuli with a Wxed rectangular form that signaled the target level by their color. If the diVerent forms of the arrow cues produce hemispheric asymmetries, then they should occur only for this cue type. In contrast, if attention towards a speciWc level is suYcient, then hemispheric asymmetries should also occur with the color cues.
Method

Subjects
Subjects were 16 healthy volunteers from the Universität Konstanz who either received course credits or a small fee for participation. Two subjects were excluded from the further analysis due to excessive artifacts in the EEG data. Thus, 14 subjects (11 females, 3 males, mean age 24.5 years) remained in the sample. All of them were right-handed by self-report, had normal or corrected-to-normal vision, and gave informed consent prior to the experiment. The experiment was approved by the appropriate ethics committee and was carried out according to the principles laid down in the Helsinki declaration.
Stimuli and apparatus
The hierarchical target stimuli were constructed from the letters A, S, H, E, O. All combinations could occur except for stimuli with an O on both levels. Thus, there were 24 hierarchical target stimuli. Global letters were constructed from identical local letters in a 5 £ 5 grid, where the local letters were drawn as white outlines on a black background. At a viewing distance of 81 cm the local and the global letters subtended 0.5 £ 0.7° and 3.3 £ 4.5° of visual angle, respectively.
As cue stimuli served either four inwardly or outwardly pointing arrows, or the outline of a red or a blue rectangle. The cue stimuli had half the size of the global target stimulus form. All stimuli were presented on a 19-inch color monitor with a resolution of 1024 £ 768 pixels at a vertical refresh rate of 60 Hz. Responses were given on a two-button mouse.
Procedure
A trial sequence started with a central 300 ms presentation of a cue stimulus signaling the global or local target level. After a cue-stimulus-interval of 800 ms, a target stimulus appeared for 100 ms in the screen center. The task was a speeded categorization of the letter that occurred at the level indicated by the cue stimulus. To this end, subjects pressed an associated button with the index or middle Wnger of the same hand. The letters A and S and the letters H and E were associated with one common response button, respectively, whereas the form O required no response. After the button press, the next trial started with a delay from 1,000 to 1,300 ms. Two factors were varied in the experiment: Cue Type (arrow and color) and Target Level (global and local). Whereas the target level was randomized, the cue type was changed as a blocked variable between two sessions that were ran on consecutive days. Each session was preceded by two training blocks. Altogether, the subjects performed 16 experimental blocks of 96 trials. Response hand, starting condition of the cue type, mapping of color and level in the color cue condition, and assignment of letters to response buttons were counterbalanced across subjects.
ERP recording
The continuous EEG was recorded with a 128 channel EGI sensor net (Electrical Geodesics Inc., Eugene, OR) and referenced to the vertex electrode during recording. Impedance of the electrodes was kept below 50 k . The EEG was ampliWed with a bandwidth of 0.1-100 Hz and digitized at a rate of 250 Hz. After recording, a digital low-pass Butterworth Wlter with 40 Hz was applied. For artifact correction, the SCADS procedure was used (Junghöfer et al. 2000) . The data were arithmetically converted to average reference as recommended in a recent guideline for ERP research (Picton et al. 2000) .
Epochs of trials with correct behavioral responses were segmented into intervals of 800 ms, including a 200 ms pre-onset baseline. The 600 ms post-stimulus interval covers the time range of the N2 and early P3 components that are typically associated with hemispheric asymmetries in hierarchical processing. Segmentation was performed twice, once locked to the onset of the cue stimulus and once to onset of the target stimulus. Neighboring channels were grouped to seven homologous electrode pairs (FM: frontal medial, FL: frontal lateral, C: central, T: temporal, CP: centro-parietal, P: parietal, and O: occipital; see Fig. 2a ).
Statistical analysis of ERP data
ERPs were quantiWed by the mean amplitudes within the investigated time ranges, where the amplitudes were measured relative to a pre-cue or pre-stimulus baseline of 200 ms. To achieve a measure of hemispheric asymmetries, the mean amplitudes in local conditions were subtracted from those in global conditions in either hemisphere. Then, the diVerence wave in the RH was subtracted from that in the LH. One-sample ttests were applied in order to see whether the mean of the resulting wave diVers from zero.
The analysis of cue-locked ERPs was similar to that of Yamaguchi et al. (2000) . Per condition and per electrode, the amplitudes were averaged over 30 consecutive 20 ms intervals from onset of the cue stimulus to the end of the ERP segment. The procedure has the advantage that no a priori hypothesis is needed about the latencies of the resulting ERP components. This reduces the probability that eVects are overlooked due to unfavorable averaging. In order to adjust the alpha error for multiple t-test, the procedure described by Guthrie and Buchwald (1991) was used. It reveals the minimum number of consecutive signiWcant comparisons that must be achieved for attaining a family-wise alpha error below 5%. For the present study, a run of three consecutive tests with < 0.05 or four consecutive test with < 0.10 is required to deWne an eVect with a family wise error <5%.
Amplitude diVerences in response to stimuli where measured 80-100 ms (P1), 120-180 ms (N1), 200-300 ms (N2) and 300-600 ms (P3) after stimulus onset.
Results
Behavioral data
Reaction times of trials with correct behavioral responses as well as error rates were subjected to an ANOVA for repeated measures with the factors Cue Type (color and arrow) and Target Level (global and local). The analysis revealed no signiWcant results. Especially, it should be noted that response speed and accuracy for stimuli that were preceded by a color cue or by an arrow cue did not diVer, F(1,13) = 1.32, P > 0.27 and F(1,13) = 0.05, P > 0.80, respectively. This suggests that arrow and color cues were similarly eVective in directing attention to the target levels. Overall, the mean response time was 607 ms, and the mean error rate was 4.89%.
ERP data
ERPs in response to cue stimuli
Grand mean average ERPs towards globally and locally directed cue stimuli are depicted in Fig. 2a . Only posterior electrode sites where the most interesting eVects occurred are shown.
As one can see, marked hemispheric diVerences occurred in the arrow cue condition. They were most pronounced at occipital electrodes, where signiWcant eVects showed up in seven consecutive bins covering the time range of 320-460 ms after onset of the cue stimulus, and again 500-540 and 560-600 ms after onset of the cue stimulus [t(13) = 2.29-3.67, all P < 0.05]. Additionally, the diVerence was marginally signiWcant 260-280 and 480-500 ms after onset of the cue stimulus, t(13) = 1.82-2.03, both P < 0.10. Within the 560-600 ms range, amplitudes were generally larger in the global than in the local condition, but the diVerence was larger in the RH than in the LH. In all other time ranges, the amplitudes were more positive in response to locally than to globally directed cue stimuli in the LH, and more positive for globally than for locally directed cue stimuli in the RH. Although less pronounced, comparable results were also observed at parietal electrodes. Hemispheric diVerences were prominent 300-360 ms after onset of the cue stimulus [t(13) = 2.16, 1.97 and 2.89, P < 0.10, 0.10 and 0.05, respectively], and again 420-460 ms after onset of the cue stimulus [t(13) = 1.86, P < 0.10 and t(13) = 2.97, P < 0.05]. As for occipital electrodes, the amplitudes were more positive in the Fig. 2 a Grand mean average waveforms in response to cues at centro-parietal (CP), parietal (P), and occipital (O) electrode locations. b Spherical spline-interpolated scalp topographies for the diVerence wave of local minus global conditions (averaged 300-500 ms after cue onset, scale given on the left side of the color bar). c Laplacian (SCD) of the topographic maps shown in b, scale given on the right side of the color bar local than in the global condition in the LH, and more positive for the global than for the local condition in the RH.
On contrast, in the color cue condition there was no indication for hemispheric diVerences. Noticeable results were observed at centroparietal and parietal leads 180-220 ms after cue onset [centroparietal: t(13) = ¡1.82 and ¡2.01, both P < 0.10; parietal: t(13) = ¡1.78 and ¡2.16, both P < 0.10], and at both frontal electrode pairs 520-560 ms after cue onset [frontal medial: t(13) = 2.44 to 2.72, all P < 0.05; frontal lateral: t(13) = §¡2.31 to §2.64, all P < 0.05]. However, none of these diVerences met the criteria for a signiWcant eVect set up with the Guthrie-Buchwald procedure.
The diVerence between arrow cues and color cues can also be seen in the scalp topography maps of the corresponding diVerence waves, local minus global condition, averaged 300-500 ms after cue onset. In the arrow cue condition (Fig. 2b, left panel) , there was a positive-going central wave stretching into the posterior regions of the LH together with a negative deXection in the posterior part of the RH. By contrast, in the color cue condition (Fig. 2b, right panel) no hemispheric diVerence was observed. In order to reduce the eVect of volume conductance, a scalp current density analysis (Laplacian, Fig. 2c ) was additionally performed. For arrow cues, it revealed a clear negative focus in the parietal/occipital RH together with a smaller and more centro-parietally located positive focus in the LH. For color cues, there was one broad positive focus at occipital leads centered at the midline, as well as two weaker negative foci distributed to left and right parietal regions.
Further statistical analyses for the mean amplitudes within the 300-500 ms time range conWrmed that picture (data collapsed over parietal and occipital electrodes). Hemispheric diVerences were present in the arrow cue condition, t(27) = 3.68, P < 0.01, but not in the color cue condition, t(27) = 0.15, P > 0.80. Also, the diVerence between the cue types with respect to hemispheric asymmetries was signiWcant, t(27) = 2.26, P < 0.05.
ERPs in response to target stimuli
SigniWcant results were found for the mean P1 amplitudes at centroparietal [t(13) = ¡2.99, P < 0.05], parietal [t(13) = ¡3.47, P < 0.01] and occipital electrodes [t(13) = ¡2.41, P < 0.05]. At all sites, the amplitudes were more positive towards local targets than towards global targets in the LH, whereas in the RH they were more positive towards global as compared to local targets. Further eVects were not observed. We also evaluated whether target stimulus-related hemispheric diVerences were modulated by the type of the preceding cue. Generally, this was not the case.
Discussion
In the present study it was investigated whether the cue information as such or simply form diVerences between the arrow cues produced hemispheric asymmetries in Yamaguchi et al.'s (2000) study. The data provide a clear answer. In the arrow cue condition, marked hemispheric diVerences occurred. They emerged about 300 ms after cue onset and had a broad posterior distribution covering centro-parietal, parietal and occipital electrode locations. Thus, the results were similar to those reported by Yamaguchi et al. (2000) . In contrast, in the condition with cue stimuli of identical form but diVerent colors for indicating the target level, there were no hemispheric diVerences. These data show that global or local cue information alone (and, consequently, the mere preparation for the processing of certain target levels) does not produce hemispheric diVerences in hierarchical processing.
One objection could be that the form diVerences of the arrow cues were easier to decode than the color information of the color cues. This could have led to an automatic processing of the arrow cues, which, in turn, was favorable for the occurrence of hemispheric diVerences. However, more automatic processing should have resulted in faster responses for the arrow cue condition, which was not the case. It is also important to note that the recording sessions were each preceded by two training blocks, so that subjects had suYcient practice with color cues before the actual experiment started. Thus, it is unlikely that automatic versus controlled cue processing played a critical role in our study.
A related problem is that the waveforms for color cues where somewhat contaminated by alpha oscillations that typically occur in rest conditions. This could indicate that subjects were generally more fatigued in the color cue condition. However, ERPs for color and arrow cues were recorded at two diVerent days, and the starting condition was balanced across subjects. Thus, there was no confound between cue type and temporal order of the conditions within the experiment.
Although the ERPs for the cue stimuli were in the main focus of the present study, also the target stimulus-locked data were analyzed. The outcome did not fully comply with the results reported in the literature. Whereas in the majority of studies hemispheric asymmetries did not occur earlier than 250 ms after target stimulus onset (e.g. Heinze et al. 1998) , in the present experiment they emerged already in the P1 component. However, we are not the Wrst observing such early asymmetries. Similar eVects were also reported by Evans et al. (2000) . One factor for P1 asymmetries is possibly the eVort for selecting the letter at the target level. As in the Evans et al. (2000) study, in the present experiment the target selection was rather easy because the stimulus always occurred at the same position and the preparation interval was long (800 ms compared to 350 ms in Malinowski et al. 2002, or to 600 ms in Volberg and Hübner 2004) . Nevertheless, it remains unclear why early lateralization occurs under such conditions.
In any case, and more important for the objective of the present study, the data for the color cue condition indicate that the hemispheres do not diVer in their preparation for the processing of a speciWc stimulus level. This suggests that the eVects in the cue-stimulus interval reported by Yamaguchi et al. (2000) were simply due to the confound of the form of the cues with the level they signaled. But why did arrow cues produce hemispheric asymmetries? An obvious diVerence between the types of cue stimuli is that in the color cue condition, a simple stimulus feature was suYcient for retrieving the cue information. On contrast, in the arrow cue condition the global and local cues both consisted of four identical arrows, so that the arrows as such were not indicative of the target level. It was their spatial arrangement that was crucial. Therefore, we propose that arrow cues had to be processed in a global/local manner in order to extract the relevant information. Consequently, for these cue stimuli the same hemispheric diVerences show up that usually appear in response to compound target stimuli.
This proposition is related to the integration theory of global/local processing (Hübner and Volberg 2005) . The theory says that the hemispheres do not generally diVer in their eYciency for processing the information at the global or local stimulus level, but rather in their capacity for binding the stimulus information to their respective level. The present data suggest that this assumption might also hold for more spatial binding processes (Treisman and Gelade 1980) . If we consider the arrow cues, then it is obvious that the arrows alone were not suYcient for uniquely signaling the required target level. Rather, it was necessary to bind at least the four arrowheads to their correct spatial position. This resembles the integration of form and stimulus level as proposed by the integration theory of global/ local processing. Also the brain asymmetries evoked by arrow cues are comparable to those we found in earlier global/local studies speciWcally if an integration of target level and form was necessary Hübner 2004, Malinowksi et al. 2002) . In both cases, asymmetries had a centroparietal or parietal topography and were most marked within the early P3 component. This suggests that P3 asymmetries for arrow cues also reXect activity related to the construction of integrated hierarchical stimulus representations. Further research will have to show how far this analogy holds.
Finally, it should be noted that, although our ERPs did not reveal hemispheric diVerences in response to cue stimuli, they may be observed if other analyses are used. For example, Doesburg and Ward (2006) found that long-range oscillatory synchrony in EEG gamma and MEG high alpha bands is lateralized in preparation for responding to a target on one or the other side of space. It is conceivable that a similar result can be observed in a synchrony analysis of the preparation for global or local processing.
